Abstract: Excess tumor necrosis factor (TNF) plays a pivotal role in the pathogenesis of Alzheimer's disease(AD). Clinical improvement following perispinal administration of etanercept in patients with Alzheimer's disease and other forms of dementia and brain dysfunction is characteristically evident within minutes. The rapidity and constellation of the clinical effects across multiple domains (cognition, mood, memory, motor function, and attention) suggest they are mediated by non-synaptic signaling mechanisms previously unrecognized for etanercept. These mechanisms likely extend beyond the known roles of TNF as a gliotransmitter that modulates synaptic strength, synaptic scaling, and AMPA receptor trafficking. Preliminary basic science and clinical investigation suggests that perispinal administration of etanercept may lead to its rapid penetration into the cerebrospinal fluid (CSF) within the cerebral ventricles. Diffusion of large molecules into the periventricular brain parenchyma is known to occur, but this process may not be sufficient to explain the rapidity of the clinical effects. There exist populations of cells, including CSF-contacting neurons and modified ependymal cells called tanycytes, that have receptive surfaces in direct contact with the CSF. It is hypothesized that the rapid clinical effects of perispinal etanercept involve non-synaptic signal transduction across the ependymal barrier and into neuronal networks via these CSF-contacting cells. This hypothesis challenges the dogma that penetration of a therapeutic into the cerebral parenchyma through the endothelium of the cerebral vasculature (the so-called blood-brain barrier) is necessary to produce rapid clinical effects in AD. CSF-contacting cells may constitute a therapeutic target for a diverse group of brain, psychiatric and spinal disorders.
INTRODUCTION
In science it is not unusual for an unexpected result to be dismissed as an aberration, a mistake, or a misinterpretation, particularly if the unexpected result presents a challenge to an existing scientific paradigm [1] [2] [3] [4] [5] . The barriers to acceptance that historically have impeded new scientific ideas are, in the field of Alzheimer's disease (AD) research, multiplied several fold [2] . This is, in large part, due to the multi-billion dollar investment the pharmaceutical industry has made in pursuing the amyloid plaque hypothesis [6] . The unproven dogma that removal of amyloid plaques would result in clinical improvement in AD has, at least until recently, reigned supreme in the Alzheimer world, despite failure upon failure of therapeutics targeted at amyloid, and despite the efforts of a small group of "renegade" researchers who questioned the amyloid hypothesis [6] [7] [8] [9] [10] . Removal of amyloid plaque via active immunization, even when successful, did not alter the trajectory of decline into severe dementia [11, 12] . In the past several years all amyloid-targeted therapeutics (including AN-1792, bapineuzumab, tramiprosate, tarenfluribil, ELND005 and semagacestat) have failed to meet their endpoints in clinical trials. In several of these clinical trials serious adverse effects were noted in the active *Address correspondence to this author at the 100 UCLA Medical Plaza, Suites 205-210, Los Angeles, California 90095, USA Tel: (310) 824-6191; Fax: (310) 824-6196; E-mail: etmd@ucla.edu treatment groups, including brain inflammation 1 , worsening cognition, or excess mortality [8, [13] [14] [15] [16] [17] [18] .
Acceptance of new paradigms in science and medicine has historically been vigorously resisted, often by the most eminent scientists in the field [1, 2] . The concept that excess TNF 2 is centrally involved in the pathogenesis of AD, despite years of accumulating scientific evidence, is only beginning to be considered by mainstream AD scientists . The positive clinical effects of etanercept 3 delivered by perispinal administration for treatment of patients with AD and other forms of dementia [45, [48] [49] [50] 56] have undoubtedly been surprising to a research community whose main therapeutic focus for two decades has been on amyloid mechanisms. The clinical results produced by perispinal etanercept in AD, including rapid and sustained clinical improvement in cognition, memory, mood, motor function and attention, often beginning within minutes of the first dose, are unique [46] [47] [48] 50, 51] 4 . Six years of clinical experience has confirmed the consistent reproducibility of these results. These results have also been confirmed by physicians from three continents who have been trained by the author and have used perispinal etanercept for their own patients [23, [46] [47] [48] [49] [50] [51] 56] . Beyond the value of this method for patient treatment, the clinical response to perispinal etanercept establishes the existence of novel TNF-mediated pathophysiologic mechanisms operative in Alzheimer's disease [35, [46] [47] [48] 50, 51, 57] . Efforts to decipher the physiologic mechanisms underlying the rapid clinical effects of perispinal etanercept have the potential to provide new insights into brain physiology and pathophysiology and are discussed in Section 2 [45] [46] [47] [48] [49] [50] [51] 56, [58] [59] [60] .
The clinical efficacy of perispinal etanercept does not negate the involvement of amyloid mechanisms in AD. In fact, there is substantial research that has revealed the multiple ways in which TNF and amyloid may interact in AD [22, 33, 61, 62] . Just as a single example, TNF has been demonstrated to mediate the impairment in memory mechanisms produced by both beta-amyloid and amyloid oligomers [34, 39, 62] . The ability of perispinal etanercept to successfully intervene in AD simply establishes that excess TNF is involved in mechanisms central to AD pathogenesis. This does not imply that excess TNF is necessarily the "cause" of the disease, for TNF-mediated mechanisms may well be downstream from the initiating event, in the same way that TNF-mediated mechanisms may be downstream from the initiating event in rheumatoid arthritis. In neither case is the primary driver of the disease known. Nevertheless neutralization of excess TNF is therapeutically beneficial for both diseases.
In the past two years interest in anti-TNF treatment for Alzheimer's disease (AD) has increased. In 2010 no fewer than three reviews (the first on anti-inflammatory strategies for AD, the second on TNF-mediated signaling in the CNS, and the third on TNF and brain dysfunction) discussed the evidence connecting excess TNF with AD [32, 35, 61] . A TNF genotype was singled out as the only significant association among 21 candidate genes in a population of 1300 Finnish AD patients and controls [40] . Serum protein-based multiplex biomarker data suggested that a group of inflammatory proteins, including TNF, might help classify AD, concluding that the existence of an inflammatory-related phenotype of AD "may provide targeted therapeutic opportunities for this subset of patients" [63] . In this serum protein study, TNF was one of only two biomarkers that overlapped with a previous study of plasma signaling proteins that reliably predicted AD diagnosis [63, 64] . Three separate studies published in 2010 provided data that etanercept may improve cognition in a diverse group of clinical disorders, in addition to AD, that are associated with excess TNF: traumatic brain injury, sarcoidosis, and rheumatoid arthritis [65] [66] [67] . Additional basic science studies demonstrated that anti-TNF therapeutics ameliorated AD mechanisms in animal models [22, 33, 34, 39, 62, 68, 69] . Passive anti-amyloid immunization, known to have the potential to cause brain inflammation in humans, was shown to produce elevated CNS TNF levels in an animal AD model [70] . In a cohort of AD patients with mild to severe dementia those patients with baseline elevated levels of serum TNF experiencing systemic inflammatory events had a nearly ten-fold increase in the rate of cognitive decline over a six month period compared with patients with the lowest quartile of serum TNF at baseline and no systemic inflammatory events [24, 71] . Intracerebroventricular administration of infliximab, a chimeric anti-TNF monoclonal antibody rapidly reduced amyloid plaques and tau phosphorylation in APP/PS1 transgenic mice [72] . Increasing and accumulating basic science, clinical, epidemiologic, and genetic data support a central role of excess TNF in the pathogenesis of AD and other neuroinflammatory disorders and has recently been reviewed [19, 21, 23, 37, [46] [47] [48] [49] 52, 73] . The growing acceptance of the potential of etanercept to intervene in AD is highlighted by the collaboration of the University of Southampton, the Hampshire Partnership National Health Service Trust and Wyeth in initiating a clinical trial of etanercept in AD 5 . Critical evaluation of perispinal etanercept for AD, however, may arguably best be initiated by attempting to understand the physiological basis underlying the unique rapid therapeutic effects that characteristically occur [48, 50, 51, 56] .
DECIPHERING THE PHYSIOLOGICAL BASIS UN-DERLYING THE RAPID EFFECTS OF PERISPINAL ETANERCEPT IN ALZHEIMER'S DISEASE
An unexpected observation may present an opportunity to advance science. The more puzzling the scientific result the greater its potential significance. The clinical effects of perispinal etanercept, when newly observed, or newly read about, are indeed unexpected and puzzling because they are unprecedented. Unraveling their physiological basis is undoubtedly a difficult undertaking but promises to shed new light on the pathogenesis of AD.
The rapidity of the clinical effects produced by perispinal etanercept is remarkable. Within minutes (sometimes in less than one minute) after perispinal delivery there is characteristically a noticeable clinical improvement in the AD patient. Improvement often increases over the next few hours. Rapid response is the first essential clue to the underlying physiology. Etanercept is thought to be unable to directly cross the blood-brain barrier (BBB) formed by the tight junctions between the endothelial cells of the cerebral vasculature [74] . Clinical effects on the brain within minutes following perispinal etanercept therefore suggest a mechanism that initially bypasses the BBB, such as distribution into the cerebrospinal fluid(CSF) [46] [47] [48] 60] .
The second essential clue to the underlying physiology is the constellation of clinical effects that follow perispinal administration of etanercept in AD. This constellation consists of rapid improvement in multiple disparate domains, including cognition, mood, motor function, memory and attention [45] [46] [47] [48] 50, 51, 56] . These are exactly the domains that are regulated by molecules carried through the CSF that produce distant effects via non-synaptic mechanisms [75] [76] [77] . The ventricular CSF borders on multiple brain regions 6 Figs. (1, 2) [78] . 5 See http://www.clinicaltrials.gov/ct2/show/NCT01068353, accessed on October 6, 2010. 6 The cerebral ventricles border on the hippocampus, circumventricular organs (median eminence, pineal gland, posterior pituitary, area postrema, subcommissural organ, Therefore both the rapidity and the constellation of the clinical effects produced by perispinal etanercept in AD imply rapid distribution of etanercept into the CSF. Independent and emerging evidence supports this novel concept.
Independent Evidence
Delivery into the CSF is recognized as one way to bypass the BBB [79] [80] [81] . Delivery of molecules into the CSF invariably leads to parenchymal brain delivery [75, 76, [79] [80] [81] [82] [83] [84] [85] . There exist multiple pathways for this to occur, as there is no major diffusional barrier between the interstitial fluid bathing neurons, neuroglia and the CSF [75, 76, [81] [82] [83] [84] [85] [86] [87] 7 . Experimental results examining the brain distribution of substances following intracerebroventricular (ICV) delivery verify these concepts. ICV delivery can result in pervasive distribution into the brain [81, 85] . For example, both interleukin-1 or of interleukin-1 receptor antagonist, large molecules(each with MW 17,000), rapidly penetrate periventricular tissue and spread into the caudoputamen, hypothalamus and amygdala after ICV injection [83] . ICV delivery is a standard method for testing the cerebral effects of drugs or biologics in animal models, and has specifically been used to test the brain effects of anti-TNF biologics in animal AD models [33, 34, 39, 68] . ICV-injection of an anti-TNF-alpha antibody prevented the nitration of proteins in the hippocampus and the impairment of recognition memory induced by betaamyloid fragments in mice [68] . ICV pre-treatment with a murine anti-TNF antibody improved the cognitive benefits induced by beta-amyloid1-40 in mice [34] . ICV injection of Organum vasculosum of the lamina terminalis, and subfornical organ), striatum, hypothalamus, thalamus, brain stem, and cerebellum. 7 Penetration into the periventricular parenchyma may occur by diffusion through junctions between ependymal cells. Spread more deeply into the parenchyma may occur along perivascular spaces aided by the paravascular fluid circulation. See Veening (2010a).
Fig. (2).
A schematic diagram of structures and specialized cell types bordering the different parts of the mammalian ventricular system, and in contact with the cerebrospinal fluid (CSF). CSFcontacting neurons are illustrated at periventricular and spinal locations in contact with the CSF. Abbreviations: CO: caudal opening of the central canal of the spinal cord;H: hypothalamic CSFcontacting neurons; HY: Hypophysis; LV: lateral ventricle; ME: median eminence; O: vascular organ of the terminal lamina; PIN: pineal organ; R: raphe nuclei; RET: retina; RF: Reissner's fiber; SE: septal region; SCO: subcommissural organ; SP: medullo-spinal CSF-contacting neurons; TEL: telencephalon; TF: terminal filum. Adapted from Veening and Barendregt HP [75] , with original source Vigh et al. [104] . either infliximab(an anti-TNF antibody) or a TNF antagonist peptide prevented the inhibition of LTP at CA1 synapses caused by ICV injection of beta-amyloid in rats [33, 34, 39, 68] . Clinically, intracerebroventricular delivery of rituximab(MW 145,000) is effective for the treatment of CNS lymphoma, whereas systemic administration of rituximab is not [88] [89] [90] . The reason for this is that large molecules delivered by the conventional systemic routes (intravenous, intramuscular or subcutaneous) are generally limited in their penetration into the CSF to 0.5% or less of their serum levels [84, 91] . CSF levels of rituximab, for example, are only approximately 0.1% of matched serum levels after intravenous administration [89] .
Subcutaneous vs. Perispinal Administration of Etanercept for AD
As the rituximab data illustrates, penetration of large molecules 8 into the CSF when delivered systemically is generally poor. When administered intravenously to mice, there was no significant entry of etanercept into the brain [74] . A 24 week, randomized, double-blind, placebo-controlled study for treatment of dementia of the Alzheimer type in 12 subjects (nine receiving etanercept 25mg twice per week, three receiving placebo) showed that etanercept was welltolerated but no apparent clinical benefit was observed, despite reduction of peripheral levels of TNF [92] . Perhaps most convincingly a series of scientific studies examining CSF levels of TNF in AD and related conditions documented that CSF TNF levels were on the average 25-fold higher in patients with AD compared with controls; that serum TNF levels were not higher in patients with AD compared with controls; and that, in a prospective, longitudinal study of patients with mild cognitive impairment (MCI) during a period of four years of enrollment, only MCI patients who progressed to AD at follow-up showed significantly higher CSF levels of TNF than controls [42, 43, 93] . Taken together, this data not only suggests that TNF is associated with disease progression, it also indicates that production of TNF is intrathecal [42, 43, 93] . In an in vivo basic science model, intracerebroventricular delivery of etanercept was found to result in modulation of neurotransmitters in the hypothalamic paraventricular nucleus, but intraperitoneal delivery did not have the same effect [94] . The evidence available therefore suggests that methods having the potential to improve selective delivery of etanercept to the CSF, such as perispinal administration, will be preferable to subcutaneous administration for treatment of AD [23, 34, 42, 43, [45] [46] [47] [48] [49] [50] [51] 56, 58, 60, 61, 68, 74, 91, 92] .
Emerging Evidence
The invention of etanercept as a neurologic therapeutic was reported more than a decade ago [95] [96] [97] [98] 9 . In subsequent 8 With respect to CSF or BBB penetration, the term "large molecules" is generally used for molecules with a molecular weight (MW) greater than about 500 daltons. One of the initial steps in the development of perispinal etanercept as a neurologic therapeutic was the development of evidence that introduction of etanercept locally, such as into the CSF, was a usable and safe treatment method [45, 49, [95] [96] [97] . Next was the recognition that carriage via the vertebral venous system was an anatomic/physiologic route that could help explain the rapid pattern of effects of perispinal etanercept [45] [46] [47] [48] [49] [50] [51] 59, 60] . Following this, emerging scientific data that the vertebral venous system was a viable route for delivery of etanercept to the cerebral venous system was developed [45] [46] [47] [48] [49] [50] [51] 59, 60] . This required not only uncovering of obscure data that suggested that the vertebral and cerebral venous systems were in anatomic continuity, but also initiation of a clinical trial to provide proof-of-concept regarding the safety and potential efficacy of perispinal etanercept for treatment of AD. These efforts were successful [49, 59] . The proof-of-concept trial was begun in 2004 and completed and published in 2006 [49] . Also in 2006, a review of the anatomy and physiology of the cerebral and spinal (Batson's) venous plexuses was published that detailed the evidence of their confluence [59] . In order to emphasize this confluence, a fact seemingly long forgotten, the term "cerebrospinal venous system (CSVS)" was coined [59] . The results of the proof-of-concept trial were presented at international conferences beginning in 2006 10 . veins which then, with the benefit of a brief reversal of the usual venous pressure gradient within the cerebral sinuses….allows etanercept to reach brain TNF momentarily. This may occur via reverse flow into the parenchyma/CSF through the choroid plexus/ arachnoid villi…"
The human experiment that was later completed, utilizing nuclear medicine imaging of a radiolabeled molecule, confirmed that perispinal administration in the posterior neck could result in retrograde delivery into the cerebral venous system [48] . A subsequent animal experiment utilizing PET imaging, performed at Stanford in July 2007, provided preliminary proof-of-concept evidence that perispinal administration of radiolabeled etanercept could result in rapid delivery of etanercept into the CSF and the choroid plexus, as previously contemplated Fig. (3) [48, 60] . These results provided further support for the concept that delivery of etanercept into the ventricular CSF via the cerebrospinal venous system was responsible for the clinical improvement sustained through six months documented in the 2006 pilot trial [46] [47] [48] [49] 51, 59, 60] . Subsequent clinical experience has also revealed rapid clinical improvement following perispinal etanercept in patients with frontotemporal dementia, primary progressive aphasia, corticobasal degeneration, stroke and traumatic brain injury [45] [46] [47] [48] [49] [50] [51] 56, 58, 95, 96] . 
Physiological Mechanisms that have the Potential to Facilitate the Rapid Effects of Perispinal Etanercept
Known mechanisms exist that facilitate signaling from the CSF across the ependymal barrier. These mechanisms may enable signaling molecules within the CSF to exert widespread and diverse neurologic and psychiatric effects even prior to their diffusion across the ependymal barrier. These mechanisms are as follows:
Rapid Diffusion Through the CSF
There are no barriers to diffusion of molecules throughout the CSF, except for distance. Many periventricular brain structures that mediate distinct functions are nevertheless in close proximity to each other, e.g. the hypothalamus, pituitary, median eminence and other circumventricular organs [104, 105] . Within the brain signaling molecules diffuse throughout the ventricles within minutes [75, 85, 106] . In animal studies (C14)inulin, a large molecule (MW approx. 5,500), distributes in five minutes throughout the ventricles, subarachnoid spaces and cerebral cisterns after injection into the lateral ventricle. Alpha-melanocyte stimulating hormone injected into the lateral ventricle is evident in the cisterna magna CSF in two minutes [85, 106] . Because signaling molecules diffusing through the CSF contact structures with diverse functions, a single molecule can exert diverse biologic effects [75, 76] .
Rapid Signal Transduction into Neuronal Networks via Cerebrospinal-Fluid Contacting Cells
The extreme rapidity of onset of the diverse constellation of neurological effects produced by perispinal etanercept suggests the existence of a physiological mechanism that is capable of transmission of signals from the CSF directly into neuronal networks. Such a mechanism exists: neurons whose dendrites float freely within the CSF, the so-called cerebrospinal fluid-contacting neurons(CSF-CNs) [75, 104, 105, [107] [108] [109] [110] [111] [112] [113] . CSF-CNs can be divided into three types according to their distribution: intraependymal neurons that line the walls of the cerebral ventricles and the central canal of the spinal cord; supraependymal cells that are subjacent to the ependyma; and distal CSF-CNs whose cell bodies lie within the parenchyma of the brain but contain processes that extend to the ventricular CSF [113] . CSF-CNs contain receptors for a wide variety of molecules on their dendritic surfaces in contact with the CSF [104, [111] [112] [113] [114] [115] . CSF-CNs receive, transform, and transmit non-synaptic signals from the CSF to neurons and glia in the parenchyma of the brain [104, [111] [112] [113] [114] [115] . CSF-CNs are universally present in vertebrates, and constitute a phylogenetically ancient structure that enables communication between distant elements of the nervous system via non-synaptic signals carried in the CSF [104, 105, [108] [109] [110] [111] [112] [113] [115] [116] [117] [118] . A marvelous evolutionary hypothesis traces back CSF-CNs from mammals to reptiles; and then to the fluid-contacting neurons of marine organisms, from the CSF-CNs of cyclostomes, and further back to neurons in larval lancelets that contact a central canal enveloping seawater [104] . A parallel phylogenetic search reveals that TNF family signaling molecules have been found in amphioxus, the basal chordate; have been implicated in neuronal signaling in a fly, Drosophila; and subserve a signaling function in a marine organism, the crustacean Daphnia pulex [119] [120] [121] 11 .
It is hypothesized that CSF-CNs, perhaps with TNF receptors on their CSF-contacting dendritic surfaces, are involved in the signal transduction from the CSF to the cerebral parenchyma necessary to effectuate the rapid effects of perispinal etanercept in AD and stroke. Constitutive expression of p55 (type 1) TNF receptor messenger RNA has, in fact, been detected in the circumventricular organs, choroid plexus, leptomeninges, and in the ependymal lining of the ventricular walls [122] . Moreover a biologic TNF antagonist (soluble TNF receptor type 1) has recently been shown to be capable of affecting the function of a subset of another type of CSF-contacting cell called alpha-tanyctes 12 [123] [124] [125] [126] [127] [128] [129] [130] [131] .
CSF-CNs and tanycytes may represent new therapeutic targets for intervention in Alzheimer's disease. Additionally, the possible roles of CSF-CNs and/or tanycytes in the rapid effects of perispinal etanercept, and the known diversity of signaling molecules within the CSF, suggest that modulation of the activity of CSF-CNs or tanycytes may represent a therapeutic target for a diverse group of brain, psychiatric and spinal disorders, including neurodegenerative diseases; mood disorders; opiate and nicotine addiction and withdrawal; autism; schizophrenia; stroke and traumatic brain and spinal cord injury.
Glial-Neuronal Signaling Modulation by TNF
Modulation of synaptic function by TNF, including modulation of synaptic function across neuronal networks, has been established [132] [133] [134] [135] [136] . TNF is one of the small group of molecules, called gliotransmitters, that are released by glia and serve to modulate neuronal function 13 [75, [137] [138] [139] [140] [141] [142] [143] . Brain functioning requires coordinated activity of neurons and glia, with glia actively modulating synaptic activity [139] [140] [141] [142] [143] [144] [145] [146] . A single astrocyte may make contact with over 100,000 synapses, so a change in activity of even a single astrocyte can have widespread neuronal effects [139, 147] . A single cortical neuron may be in contact with 60,000 synapses [148] . Thus it is perhaps not surprising that it has been demonstrated that stimulation of even a single neuron can have behavioral effects [149] .
Synthesis of this physiology, including the massive interconnected nature of neurons and glia in the brain [137, 138, 140, 150, 151] , with the clinical results produced by perispinal etanercept leads to a plausible hypothesis that modulation of the activity of even a small population of CSF-CNs by TNF could produce clinical changes; and that delivery of etanercept into the CSF, even without penetration 11 These facts, that both TNF family neuronal signaling and CSF-CNs are phylogenetically ancient, lead to the speculation that perhaps TNF family molecules are involved in CSF-CN signaling in a variety of organisms, including humans. 12 Tanycytes are specialized ependymal cells lining the cerebral ventricles that possess long basilar processes that extend into the cerebral parenchyma. Tanycytes can be subdivided into at least four different subtypes based upon their morphological and physiological features: alpha-1, alpha-2, beta-1, and beta-2. Alpha-tanycytes have been shown to have direct projections into the neuropil of the arcuate and ventromedial nuclei. 13 Known gliotransmitters include adenosine, ATP, D-serine, GABA, glutamate, and TNF.
across the blood-brain barrier 14 , may produce rapid and diverse clinical effects via signals transduced from the CSF into neuronal networks.
A proposed mechanism to explain the rapid onset of the clinical effects of perispinal administration of etanercept in AD is therefore summarized as follows [45, 46, 48, 50 2) Changes in TNF bioactivity in the CSF so produced may affect the activity of populations of CSF-CNs or other CSF-contacting cells by binding to TNF receptors on their CSF-contacting surfaces;
3) Changes in the signaling activity of these TNF-sensitive CSF-contacting cells may modulate cerebral glial/ neuronal network activity and thereby produce rapid clinical effects Fig. (4) .
The use of perispinal etanercept for treatment of Alzheimer's disease, stroke, and disc-related pain as cited [45] [46] [47] [48] [49] [50] [51] 56, 58, [95] [96] [97] involves unique extrathecal methods of administration that were developed by the author specifically for these applications. One challenge is the unfamiliarity of practicing physicians with the novel method of delivery; biologics have traditionally been administered systemically. An additional challenge in dementia is the lack of established biomarkers for diagnosis and the overlapping clinical presentation of patients with AD, Lewy Body Dementia, frontotemporal dementia, and mixed dementia. Although the longterm clinical experience to date using perispinal etanercept for AD and disc-related pain is favorable and the long-term safety data for etanercept for its approved indications is also favorable, clinical experience using etanercept off-label for additional disorders remains limited and therefore the longterm safety profile for these additional indications is not yet defined [48, 152] . These factors combine to indicate the necessity of physician training prior to use of perispinal etanercept in patient treatment or clinical study.
CONCLUSION
Clinical improvement following perispinal administration of etanercept in patients with Alzheimer's disease and other forms of dementia, stroke and brain dysfunction is characteristically evident within minutes. The rapidity and constellation of the clinical effects across multiple domains (cognition, mood, memory, motor function, and attention) suggest they are mediated by non-synaptic signaling mechanisms previously unrecognized for etanercept. These mechanisms likely extend beyond the known roles of TNF as a gliotransmitter that modulates synaptic strength, synaptic scaling, and AMPA receptor trafficking. Preliminary basic science and clinical investigation suggests that perispinal administration of etanercept may lead to its rapid penetration into the cere-brospinal fluid (CSF) within the cerebral ventricles. Diffusion of large molecules into the periventricular brain parenchyma is known to occur, but this process may not be sufficient to explain the rapidity of the clinical effects. It is hypothesized that the rapid clinical effects of perispinal etanercept involve non-synaptic signal transduction from the CSF across the ependymal barrier and into neuronal networks via CSF-contacting cells, including CSF-contacting neurons and tanycytes. This hypothesis challenges the dogma that penetration of a therapeutic into the cerebral parenchyma through the endothelium of the cerebral vasculature (the so-called blood-brain barrier) is necessary to produce rapid clinical effects in Alzheimer's disease.
Basic science and clinical evidence suggests that methods that have the potential to improve selective delivery of etanercept to the CSF, such as perispinal administration, may be preferable to subcutaneous administration for treatment of Alzheimer's disease. CSF-contacting cells are a potential therapeutic target for a diverse group of brain psychiatric, and spinal disorders, through modulation of their signaling activity. Characterization of the non-synaptic receptors present on CSF-contacting cells may lead to new therapeutic approaches for brain disorders. For diseases for which current therapies are inadequate, challenges to existing paradigms may be necessary. This discovery process may be engendered by careful clinical observation and synthesis of physiologic, anatomic, and phylogenetic data developed in other scientific disciplines.
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